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MACHINE-INDEPENDENT ALIGNMENT SYSTEM AND METHOD 

Related Applications 

The present application is related to commonly assigned co-pending U.S. Patent 
Application No. c/f/farVSt eriWed. "BACKSIDE ALIGNMENT SYSTEM AND METHOD", 
filed on May 14, 2001.* 

Field of the Invention 

The present invention relates to alignment systems in optical apparatus, and in 
particular relates to a system and method for characterizing machine alignment offsets 
for lithography systems to provide for job portability between the lithography systems. 

Background of the Invention 

In the manufacturing micro-devices (e.g., integrated circuits, thin-film head and 
ink jet heads) the processing steps include exposing a substrate, such as a 
semiconductor wafer coated with photosensitive material, using a lithographic exposure 
system. This exposure requires aligning the substrate residing on a substrate (wafer) 
stage, to a reticle having a pattern of a particular device layer, and residing on a reticle 
stage. In this regard, the lithographic system includes an alignment system, such as 
that disclosed in U.S. Patent No. 5,621,813 (referred to hereinafter as "the * 813 
patent"), which patent is incorporated herein by reference. After alignment, the reticle 
is exposed to radiation to which the photosensitive coating is sensitive, to transfer the 
reticle pattern onto the wafer. This alignment and exposure can be performed on a 
variety of lithography systems such as step and repeat, projection, contact and 
proximity systems, for example. Typically, the first of such device layers is aligned to 
some marking on the wafer, for example, to a flat or notch, as is well known. 
Subsequent layers are then aligned relative to this first layer and/or to each other. 

Most exposure systems utilize some mechanical means of pre-aligning the wafer, 
so that the wafer is coarsely aligned to the reticle. The pre-alignment may be, for 
example, a mechanical means of locating a flat or notch on the wafer. Alternatively, 
optical sensors may determine the location of the flat, notch, or peripheral edge of the 
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wafer. These methods typically align the wafer to an accuracy of a few hundred 
microns. After mechanical pre-alignment, the wafer is moved to or near the exposure 
position by, for example, a wafer-handling arm. Often, after the above-described 
mechanical alignment, but prior to fine alignment, a pre-alignment using a photoelectric 
detector is performed. Special optical alignment targets (OATs), produced on the 
substrate by previous processing steps, are used for this purpose. The OATs are 
relatively large, so that they can be quickly found after the relatively coarse mechanical 
pre-alignment. This pre-alignment using the OATs typically aligns the wafer to within 
approximately ± 50 microns or better. At this point, a fine alignment may be 
performed, by aligning alignment keys on the reticle to alignment targets on the wafer. 

The alignment keys and targets are typically on the order of a few microns in 
size, and provide for alignment to a precision of, for example, 0.15 micron or less, 
depending upon the requirements of the user. The fine alignment can be performed 
via a photoelectric detector, such as a photomultiplier tube or CCD array, which can 
detect the superposition of special-purpose alignment marks on the reticle and wafer. 
Based upon the superposition signal level, the detection apparatus sends a signal to 
move the wafer and/or reticle stage such that the alignment targets on the wafer are in 
alignment with the alignment keys on the reticle. 

The alignment system may be an off-axis system, wherein the wafer is aligned 
out of the exposure of field of the Optical system, then moved to the exposure field with 
high accuracy to align the wafer to the reticle. Alternatively, the alignment can be 
performed "through the lens" (TTL) of the optical system. This is also called w on-axis" 
alignment, and the wafer remains in place during such alignment. Some off-axis 
alignment systems rely upon aligning the reticle to a mechanical reference built into the 
lithography system. The substrate is aligned to this mechanical reference as well, and 
thus to the reticle by commutation. However this scheme requires that the mechanical 
reference be frequently calibrated for the offset of the substrate to the reticle. 
Furthermore, very high mechanical stability is required. The TTL techniques allow the 
examination of the actual superposition of reticle image and the substrate for 
alignment, thereby eliminating the need for a mechanical reference. A TTL system can 
be configured in a variety of ways, for example, the prior art method of using the 
projection lens (or a portion of the projection lens) to view the projection of the reticle 
image onto the substrate. Many alignment systems require scanning, that is, relative 



motion between the reticle and wafer, which introduces some error. 

A problem in present-day lithography practice is that each lithography system 
has a particular hardware-dependent alignment offset, making it difficult and time- 
consuming to run different processes on different systems unless the offset is known 
for the particular tool. Making matters worse is the fact that each "job" has a job- 
dependent alignment offset. Here, a "job" denotes a different process step carried out 
on the machine that involves a different reticle to be exposed. Thus, if a particular 
lithography system used for a given step breaks down, an otherwise available 
lithography system cannot be used in its place without a great deal of inconvenience in 
characterizing the offset for the available machine for the particular job that needs to 
be run. 

The prior art method of characterizing alignment offsets for a particular job being 
run on a particular lithography system (hereinafter, "machine") involves running so- 
called "send ahead" wafers to measure the alignment offset for each machine and each 
job. With reference to FIG. 1A, the prior art method involves exposing a first pattern 
10 with a center 10C, such as a fairly large box (e.g., 50 microns on a side), at a first 
location on the wafer. The wafer is then developed, and re-coated with photoresist and 
re-loaded into the machine. A second pattern 20 with a center 2C, similar or identical 
to that of pattern 10, is then printed on the wafer at a second location so that its center 
20C is precisely displaced from center 10C by a predetermined distance (e.g., 200 
microns). This displacement is accomplished by programming the machine to move 
either the wafer stage or reticle stage (or both) by the predetermined distance 30 (see 
FIG. 2. This "send ahead" wafer is then sent to an independent alignment 
measurement tool. The alignment measurement tool measures the precise location of 
centers 10C and 20C of patterns 10 and 20, respectively, relative to some reference 
point. From this information, the measurement tool deduces the actual 
displacement 30' between the respective centers. For a perfect machine, the measured 
displacement 30 would be identical to that of the programmed displacement 30'. 
However, with reference to FIG. IB, in practice actual measured displacement 30 and 
programmed displacement 30' are different. This difference A represents the 
"alignment offset" for that particular combination of machine and job. 

The alignment offset can be due to a number of factors, such as differences in 



viewing at the alignment wavelength of light (which is visible or near-visible) to the 
actinic light (typically ultraviolet), mechanical calibration, and the sensitivity of the 
pattern recognition software to the particular alignment pattern ("mark") printed on the 
wafer. More generally stated, the alignment offset has a machine-dependent hardware 
contribution and a job-dependent pattern contribution. Thus, with reference to FIG. 2, 
in order to perform a number of jobs (Jl to Jn) on a number of different machines Ml 
to Mn, a large number (n 2 ) of offset measurements OM s need to be performed (one 
measurement for each machine-job combination) to create a matrix of information 
relating each job to each machine. 

It would be greatly advantageous to have a system for and method of calibrating 
a lithography system ("machine") that allows a given process Hob") to be run on any 
machine within a family of machines. A method and system for machine 
characterization that eliminates the need for time-consuming and costly send-ahead 
wafers would provide for much desired "job portability" in semiconductor 
manufacturing. 

Summary of the Invention 

The present invention relates to alignment systems in optical apparatus, and in 
particular relates to a system and method for characterizing machine alignment offsets 
for lithography systems to provide for job portability between the lithography systems. 

Accordingly, a first aspect of the invention is a method of measuring the machine 
alignment offset of an optical machine having an alignment system. The machine is the 
kind used to form overlayed images of first and second patterns formed on first and 
second reticles onto a substrate (e.g., a semiconductor wafer) at respective first and 
second levels. An example of such an optical machine is a lithographic system. The 
method comprises the steps of creating one or more virtual zero-offset alignment 
patterns and one or more virtual zero-offset metrology patterns. A virtual zero-offset 
pattern is an idealized pattern formed using, for example, a CAD program. The next 
step includes imaging with the optical machine, using first and second exposures, first 
and second metrology patterns onto the substrate at the first and second levels, 
respectively. The exposures are performed in an overlayed manner by aligning the 
second level to the first level using the zero-offset alignment patterns. The first and 



second metrology patterns are based on the one or more virtual zero-offset metrology 
patterns. For example, the first metrology pattern might be a square array of 
alignment patterns corresponding to the zero-offset pattern, while the second 
metrology pattern might be just the zero-offset pattern. The overlayed exposures 
might then consist of forming the second metrology pattern at a particular location 
(e.g., the center) within the first metrology pattern array. The next step then involves 
obtaining an image of the overlayed first and second metrology patterns formed on the 
substrate. The image is obtained using the alignment system of the optical machine. 
The next step is then comparing the virtual zero-offset metrology pattern (which is 
preferably stored in memory in an alignment system computer) to corresponding 
portions of the images obtained with the alignment system to deduce an offset relative 
to the ideal alignment of the first and second metrology patterns. 

A second aspect of the invention is an alignment system capable of measuring a 
machine offset, the alignment system is preferably part of an optical machine having a 
machine optical system. The machine optical system is used to form overlayed images 
of first and second patterns formed on first and second reticles (or on the same reticle) 
onto a substrate at respective first and second levels. The alignment system comprises 
a light source and an alignment optical system arranged adjacent the light source. The 
alignment system is designed such that light from the light source is directed to 
illuminate a portion of the substrate and pass back through at least a portion of the 
alignment optical system. The alignment system further includes a detector, such as a 
CCD camera, capable of detecting images of first and second alignment patterns 
formed on the substrate at respective first and second levels and illuminated by the 
alignment system light source. The alignment system also includes a computer system 
having pattern recognition software stored therein and a memory unit containing one or 
more virtual zero-offset patterns accessible to the pattern recognition software. At least 
one of the one or more zero-offset patterns corresponds to the first and second 
metrology patterns. The computer system is capable of comparing images of the first 
and second metrology patterns detected by the alignment optical system to at least one 
of the one or more virtual zero-offset patterns. The first and second metrology 
patterns are formed on the substrate in an overlayed manner. The comparison is 
performed to determine the offset between the first and second metrology patterns 
relative to an ideal overlay of the first and second patterns. 



A third aspect of the present invention includes a method of processing wafers in 
the manufacture of semiconductor devices using a set of two or more machines in a 
manner that is independent of the type of job being performed on the machine. The 
method includes the steps of measuring a machine alignment offset for each machine in 
the set of machines in the manner described briefly above and in more detail below. 
The next step is then storing the measured machine offsets in the corresponding 
machines. The next step involves creating zero-offset alignment patterns for each job. 
The next step then involves processing wafers on any machine in the set of machines 
without measuring an offset for any machine in the set of machines that depends on 
the job being performed. This is the "machine-independent" aspect of the present 
invention, since the performance of a particular job (i.e., the processing of wafers 
according to a particular recipe) does not depend on what machine in the set of 
machines is used. Furthermore, it is not necessary to measure the job dependent 
offset for any job. 

Brief Description of the Drawings 

FIG. 1A is a plan view of two metrology patterns printed on a wafer, the patterns 
displaced by a predetermined amount in the process of measuring overlay; 

FIG. IB is a vector diagram of the offset measured between the programmed 
displacement of the alignment patterns and the actual measured displacement between 
the alignment patterns; 

FIG. 2 is a table that illustrates the matrix of offset measurements used in the 
prior art method of characterizing machines for different jobs to be carried out in the 
fabrication of a semiconductor device using different machines; 

FIG. 3 is a schematic diagram of a lithography system, showing the alignment 
system and its components; 

FIG. 4 is a flow diagram of the main method steps for characterizing machine 
offset according to the present invention; 

FIG. 5 is a schematic diagram of a computer system having a database, a CAD 
design program and a memory; 

FIG. 6 is a schematic diagram of examples of shape primitives included in the 
database of FIG. 5; 

FIG. 7 is a flow diagram of the method steps for forming a digitized simulated 
image of a composite zero-offset pattern according to the present invention; 



FIG. 8 is an example of a composite zero-offset pattern formed from four shape 
primitives; 

FIG. 9 is a flow diagram of the method steps for measuring the machine offset 
using the zero-offset patterns of the present invention; 

FIG. 10A is a schematic plan view of an exemplary metrology pattern for the first 
level formed from the composite zero-offset pattern; 

FIG. 10B is a schematic plan view of the zero-offset pattern used to form the 
metrology pattern for the first level, and that serves as the metrology pattern for the 
second level that is aligned to the first level during overlay measurement; 

FIG. IOC is a schematic plan view of the overlay of the first and second 
metrology patterns of FIG. 10A and FIG. 10B, showing the machine offset that 
corresponds to the dislocation of the centers of the metrology patterns; and 

FIG. 11 is a table that illustrates the matrix of offset measurements used in the 
present invention for characterizing each machine in a set of machines for different jobs 
to be carried out in the fabrication of a semiconductor device. 



Detailed Description of the Invention 

The present invention relates to alignment systems in optical apparatus, and in 
particular relates to a system and method for characterizing machine alignment offsets 
for lithography systems to provide for job portability between the lithography systems. 
The method and system of the present invention allows for the characterization of the 
machine or "hardware" offset by eliminating the pattern offset. The present invention 
is thus applicable for machines having an alignment system that utilizes a machine 
vision system and corresponding software, such as described in the 813 patent. 

With reference now to FIG. 3, there is a lithographic system 40, such as that 
described in detail the x 813 patent. System 40 includes, in order along an optical axis 
A, an illumination system IS that emits light of a select wavelength, a reticle stage RS 
for supporting a reticle R, a projection lens PL having an object plane and an image 
plane and arranged to receive light passing through reticle R, and a wafer stage WS. 
Reticle stage RS supports reticle R, which has formed thereon a pattern (not shown), in 
object plane OP so that it can be illuminated uniformly with the light from illumination 
system IS. Wafer stage WS supports a wafer W, coated with photosensitive material, in 
image plane IP so that an image of the pattern(s) on reticle R are properly formed on 



the wafer. The photosensitive material on wafer W is sensitive to the select wavelength 
of light from illumination system IS. 

In optical communication with reticle R, projection lens PL and wafer W is an 
alignment system AS, shown attached to illumination system IS. Alignment system AS 
directs alignment light AL of a given wavelength (preferably a wavelength different than 
the exposure wavelength, e.g., 550nm) from an alignment system light source 42 
through reticle R, through projection lens PL, to wafer W, and back to the alignment 
system. Alignment system AS is thus a TTL system. 

Alignment system AS further includes an alignment camera AC, such as a CCD 
camera, as a detector to detect alignment light AL reflected from wafer W and detected 
by the alignment system optics (not shown in detail). Alignment system AS also 
includes a computer system CS having stored therein, e.g., on a hard drive HD, pattern 
recognition software PRS for processing images of alignment marks imaged onto 
alignment camera AC by the alignment system optics. Computer system CS further 
includes a memory unit MU capable of storing information, such as alignment pattern 
images, to be used by pattern recognition software PRS. System 40 further includes a 
main control unit 46 electrically connected to illumination system IS, reticle stage RS, 
wafer stage WS, alignment system AS and computer system CS, for controlling the 
operation of system 40, including controlling the process of aligning reticle R to wafer W 
prior to exposing the wafer with actinic light. 

In the description below, the word "machine" refers to a lithographic system 
such as lithographic system 40. 

Method of operation 

With reference to the flow diagram 60 of FIG. 4, the method of the present 
invention includes two main steps, each described in greater detail below. The first 
step 62 involves creating one or more "synthetic models." A synthetic model is a "zero 
offset" pattern in a rectangular region ("box"), wherein the centroid (i.e., geometric 
center) of the box is the geometric center of the pattern. The second step 64 then 
involves performing a measurement of the component of the alignment offset 
attributable to the machine using the machine itself, rather than performing overlay 
measurements on a separate overlay measurement tool. 
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An additional step in the method of the present invention is step 66 of creating 
zero-offset alignment patterns for each job. This eliminates the requirement for 
determining the pattern offset for each job. 

Synthetic Model Method 

Step 62 involving the formation of zero offset patterns mentioned above in 
connection with flow diagram 60 of FIG. 4, is now described in more detail with 
reference to FIGS. 5-8. 

With reference to FIG. 5, the synthetic model of the present invention involves 
the use of a computer system 90 having a pattern database 100 and a computer-aided 
design (CAD) program 110 that can access database 100. Computer system 90 
includes a memory 116. Pattern database 100 stores a set ("palette") of shape 
primitives 120, such as 120A-120D as shown in FIG. 6, having defined geometric 
centers 122A-122D, respectively. 

With reference to FIG. 7, step 62A of the synthetic model method involves 
combining shape primitives 120 to form more complex shapes to be used as alignment 
patterns. An example alignment pattern formed from combining shape primitives 120 is 
pattern 130 of FIG. 8, which made up of four shape primitives 120D, and which has a 
composite geometric center 132. Pattern 130 is formed within a box 134 (dashed line) 
which also have a geometric center 136 coinciding with geometric center 132. Shape 
primitives 120 can be overlapped, rotated, or have one or more of its dimensions 
increased or decreased. The centroid of the alignment pattern can be defined by the 
CAD program user. Also, the CAD program 110 preferably has the capability of 
generating and storing in database 100 additional user-defined shape primitives 120, if 
necessary. 

The CAD program 110 is designed with a graphical user interface, which allows 
the user to select shape primitives 120 and add them to a design sheet. For each 
element on the design sheet, the user can select features, such as dimensions, center 
or reference location, relative gray scale value, and edge width. The user also defines 
the size of box 134 that contains the pattern elements. Everything within box 134 will 
be used by pattern recognition software (PRS stored in computer system 90 to identify 
and locate a matching pattern on wafer W. Since the PRS defines the location of a 



matched pattern based on the box, not the shapes within the box, any separation 
between the center of the composite shape and the center of the box will register as an 
alignment offset (the pattern component). For this reason, it is necessary to design the 
synthetic model such that the geometric center of the composite pattern coincides with 
the center of the box (see FIG. 8). 

The next step 62B in the synthetic model method is digitizing the line-drawn 
composite alignment pattern to form a bit-map image of the pattern. This is 
accomplished by CAD software 110, which is also used to define the scale of pixel size 
to physical size, i.e., the number of pixels per micron. A pattern edge that passes 
through a pixel (as opposed to corresponding to a pixel edge), is handled by using 
linear interpolation to obtain sub-pixel resolution of the alignment pattern. A typical 
pixel resolution for an alignment pattern is about 500 hm per pixel. 

With continuing reference to FIG. 7, the next step 62C in the synthetic model 
method involves creating a simulated optical image of the bit-map image. This is 
achieved by convolving the bit-map image with the idealized lens optical transfer 
function (OTF) of the alignment system optics, a technique that is well understood in 
the art of optics. This step is performed in order to obtain an accurate representation 
of the alignment pattern image (referred to hereinafter as a 'Virtual alignment pattern") 
as formed by the alignment optical system. This virtual alignment pattern is made 
accessible to the pattern recognition software PRS of the machine (e.g., via memory 
unit MU). This approach of providing a virtual alignment pattern accessible to pattern 
recognition software PRS is in contrast to prior art methods. In the prior art methods, 
the pattern recognition software of the alignment system includes only "learned" 
patterns based on actual images of alignment patterns taken from wafers. The prior art 
approach results in the pattern recognition software having errors associated with the 
imaged pattern (which includes machine errors) built into it, thereby preventing the 
separation of the hardware and software components of the alignment offset. 

In addition, a "learned" pattern will by necessity contain a pattern offset: the 
center of the pattern will not coincide exactly with the center of the box containing the 
pattern. In measuring alignment offsets on a machine, this pattern offset then 
becomes combined with the machine's hardware offset. In order to separate the 
machine offset from the pattern offset, it is necessary to use a zero-offset pattern. 
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The next step 62D involves optionally scaling or rotating the simulated optical image in 
X or Y to simulate process-induced changes, if such changes are known to occur. Such 
process-induced changes include scaling due to the application of successive layers of 
material on top of the initial target in the process of fabricating a device, or rotation of 
a target due to crystal growth occurring along preferred axes when crystalline layers 
are grown on the surface of the substrate. 

The next step 62E involves saving the simulated optical image as a file stored in 
memory 116. At some point, this file is transferred to memory unit MU in computer 
system CS of the machine, so that it is accessible to pattern recognition software PRS. 

Measuring Machine Offset 

With reference now to FIG. 9 and flow diagram 64 therein, as well as FIGS. 10A- 
10C, in step 64A the method described above for creating a synthetic model is used to 
create a zero-offset alignment pattern that represents the feature in the reticle for a 
first level (level 1) that will be printed on the wafer during the level 1 exposure, and will 
be used as the wafer target for aligning a second level (level 2) to level 1. 

In step 64B, a second zero-offset pattern is created to represent the feature on 
the reticle for level 2 that will be used as a reticle key for aligning level 2 to level 1. 

Next, in step 64C one or more zero-offset patterns are created to represent the 
features in the level 1 reticle and the level 2 reticle to be printed on the wafer on the 
first and second levels respectively, and to be used as the metrology patterns. 

With reference now also to FIG. 10A, by way of example, a preferred metrology 
pattern arrangement 200 includes replicating a particular zero offset pattern 210 having 
a geometric center 212 (FIG. 9B) at four comers of an imaginary square 214, as 
indicated by the dashed line. Metrology pattern 200 has geometric center 220. In a 
preferred embodiment, the second metrology pattern is simply the single zero offset 
pattern that makes up part of the first metrology pattern. 

Thus, in step 64D, metrology pattern 200 is imaged onto the wafer on the first 
level, and the image developed to form the first level metrology pattern on the wafer. 
The wafer is then re-coated with a new layer of photoresist and is placed back into the 
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machine. 



In step 64E, the level 2 reticle is aligned to the first level on the wafer using 
alignment system AS (FIG. 3) such that the zero-offset alignment pattern for the target 
is used to locate the target on the wafer, and the zero-offset alignment pattern for the 
key is used to locate the key on the reticle. When the second level is then exposed on 
the wafer, the second metrology pattern arrangement is imaged relative to the first 
metrology pattern to form the composite metrology pattern on the wafer. 

With reference to FIG. IOC, in a preferred embodiment, the second metrology 
pattern is printed so that its geometric center (e.g., center 212) is imaged to the 
geometric center (e.g., center 220) of the first metrology pattern. 

Next, in step 64F, the offset between the first-level and second-level metrology 
patterns is measured using the machine alignment system AS (FIG. 3). The amount of 
misalignment 250 between centers 212 and 220 corresponds to the alignment offset. 
In the present invention, because the second level is aligned to the first level using 
zero-offset alignment patterns, the misalignment between the first and second 
metrology pattern centers is entirely attributable to the machine offset. In the prior art 
method, the alignment offset includes both machine offsets and pattern offsets. 

In the present invention, misalignment 250 is measured by alignment system AS 
of the machine itself, rather than removing the wafer from the machine and making the 
measurement on a separate metrology tool. This is possible because, in contrast to 
prior art systems where the alignment system has stored in its computer memory actual 
images of the patterns, the present invention loads zero-offset images into memory unit 
MU of alignment system AS. Thus, when alignment system camera AC detects the 
images of the first and second metrology patterns, the images are processed by pattern 
recognition software PRS, which then calculates an offset that does hot include a 
component due to pattern offsets caused by the "learning" process. By creating zero- 
offset images as described above and making them available to the pattern recognition 
software, the offset that is ultimately measured is attributable to that caused only by 
the machine itself. 

Strictly speaking, measuring the offset on the machine is used for convenience 
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only, and is not required for job portability. However, measuring the offset on the 
machine does increase the reliability of the result since the machine calculates the offset 
and automatically stores it. In the prior art method, a user would have to take 
measurement results from another machine (like an alignment tool, such as those 
available from KLA-Tencor, San Jose, CA), manually calculate the proper offsets, and 
type them into the machine; a process which introduces many opportunities for error. 

With continuing reference to FIG. 9, in step 64G, the measured machine offset is 
entered into main control unit 46 for future reference, so that when a particular job is 
run, the machine offset can be recalled and programmed into the machine so that the 
alignment is performed during a particular job with the machine offset accounted for. 

Thus, with reference now to FIG. 11, the present invention includes a method of 
processing wafers in manufacturing semiconductor devices in a manner that is "job 
portable/' This is accomplished by determining a set of machine offsets = {MOl, 
M02,....Mn} that includes the machine offsets (MO)for a corresponding set %= {Ml, 
M2,...Mn }, of two or more machines M and storing the respective offsets in the 
corresponding machine, e.g., in memory unit MU (FIG. 3) of each machine, as 
described above. Wafers corresponding to any one of a number of jobs J in a set of 
jobs Sj = {Jl, J2,..Jn } can then be run on any of the machines without having to 
measure a separate offset corresponding to a particular job J (see FIG. 2). Thus, the 
number of offset measurements needed to process wafers in manufacturing is thus 
reduced from n 2 to n using the method of the present invention. 

To this point, the machine dependence from the jobs has been removed, i.e., 
any job can, in theory, get the same alignment result on any machine. However, one 
still needs to measure a job offset for each job, which will be the same for all machines. 
This results in n+m measurements for n machines and m jobs, unless step 66 (FIG. 4) 
is included, i.e., creating zero-offset patterns for each job. This eliminates the 
requirement for determining the pattern offset for each job, and results in only having 
to make n measurements. 

The many features and advantages of the present invention are apparent from 
the detailed specification, and, thus, it is intended by the appended claims to cover all 
such features and advantages of the described apparatus that follow the true spirit and 
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scope of the invention. Furthermore, since numerous modifications and changes will 
readily occur to those of skill in the art, it is not desired to limit the invention to the 
exact construction and operation described herein. Accordingly, other embodiments are 
within the scope of the appended claims. 
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